Healthcare transition from childhood to adulthood is required to ensure continuity of care of an increasing number of individuals with chronic conditions surviving into adulthood. The transition for patients with tuberous sclerosis complex (TSC) is complicated by the multisystemic nature of this condition, age-dependent manifestations, and high clinical variability and by the presence of intellectual disability in at least half of the individuals. In this article, we address the medical needs regarding each TSC-related manifestation in adulthood, and the services and support required. We review existing models of transition in different chronic conditions, discuss our experience in transitioning from the pediatric to the adult TSC Clinic at our Institution, and propose general rules to follow when establishing a transition program for TSC. Although a generalizable transition model for TSC is likely not feasible for all Institutions, a multidisciplinary TSC clinic is probably the best model, developed in accordance with the resources available and country-specific healthcare systems. Coordination of care and education of the adult team should be always sought regardless of the transition model. K E Y W O R D S adult care, adult manifestations, healthcare needs, pediatric care, transition, transitional program, TSC, tuberous sclerosis complex
| INTRODUCTION
Healthcare transition is defined as the "purposeful, planned movement of adolescents and young adults with chronic physical and medical conditions from child-centered to adult-oriented health care systems" (Blum et al., 1993) . Quality healthcare should be continuous during transition for all young people, but for individuals with rare diseases and intellectual disability (ID), methods of transition differ from standard pathways.
The process of transition for people with special needs was Unlike decades ago when a significant number of children with ID and/or birth defects died during childhood or adolescence, a larger number of these individuals now survive into adulthood thanks to improved diagnostic and therapeutic resources, and support services.
Mortality during childhood in tuberous sclerosis complex (TSC) is low (Amin et al., 2017) , thus warranting that adult clinics be ready to provide long-term care to these individuals. However, these patients and their families often face significant barriers in transitioning from the multidisciplinary pediatric healthcare system to an adult setting, which is generally individually based and less familiar with rare disorders (Royal College of Paediatrics and Child Health, 2003) .
The importance of transition is being increasingly recognized and has become a matter of discussion in the scientific community and among patient support organizations, including those focused on TSC (Both et al., 2018) . However, there are only a few articles in the literature that address transition in individuals with rare diseases (Waldboth, Patch, Mahrer-Imhof, & Metcalfe, 2016) , and international or national guidelines have not yet been delineated. A few pediatric centers have tried to establish transition programs in their practices, but no consensus on specific models for certain rare diseases have been obtained to date (American Academy of Pediatrics et al., 2011; Carrizosa, An, Appleton, Camfield, & Von Moers, 2014; Reiss, Gibson, & Walker, 2005) . Patient-centered transition planning should be considered an aspect of standard healthcare and possibly become an integral part of medical training to bring about a change in attitudes in future generations of healthcare professionals (Van Lierde et al., 2013) . As a matter of fact, a consensus statement created by the Child Neurology Foundation in 2015 and endorsed by the American Academy of Neurology, the Child Neurology Society and the American Academy of Pediatrics proposed eight common principles that should be part of any transition model, including medical, legal, and reproductive issues (Brown et al., 2016) .
As for other medical conditions with multisystem involvement and ID, the ideal care for adult individuals with TSC should consider multidisciplinary specialty clinics designed to provide comprehensive care. Many of the medical issues change in adults with TSC: epilepsy may persist, as well as ID and mental health issues, but renal and/or pulmonary problems may become the most concerning issues, in terms of morbidity and occasionally mortality (Thiele, Granata, Matricardi, & Chugani, 2014) . Indeed, dissemination of knowledge to the medical audience about TSC manifestations at different ages will improve the clinical management of adults with TSC. Given the extremely wide clinical variability in TSC, it is impossible to generalize when discussing transition of care from childhood to adulthood in affected individuals. Some children have ID and will require a caregiver's assistance for their entire lives, while others have medical problems without cognitive impairment and will likely become independent in managing their own health. In this article, we will focus on the medical needs for each clinical manifestation in adulthood, and the services and support required. We will review existing models of transition in different conditions, discuss our experience, and propose general rules to follow when establishing a transition program for TSC. In the interest of conciseness, topics related to educational systems, employment and higher education, trust funds, respite care and residential options will not be covered here, but nevertheless remain important to consider when transitioning patients.
| CLINICAL MANIFESTATIONS OF TSC IN ADULTHOOD

| Intellectual disability
The process of transition in individuals with ID can be especially challenging . About 50% of individuals with TSC have normal intellectual ability, and the remainders have varying levels of ID (Curatolo, Moavero, & de Vries, 2015) , with epidemiological data reporting an over-representation of severe and profound ID (Joinson et al., 2003) . Genotype-phenotype correlations show that ID is less frequent in patients with no mutation identified (NMI) compared to patients carrying demonstrable TSC2/TSC1 mutations (Kothare et al., 2014; Peron et al., 2018) . Also in individuals with normal intellectual abilities, specific learning, and attention/memory/executive function deficits can interfere with academic achievements and social functioning (Tierney, McCartney, Serfontein, & de Vries, 2011) .
When addressing transition in individuals with ID, healthcare practitioners ought to also consider the life changes both patients and parents will encounter, and it is strongly advised that practical aspects such as guardianship, options for residential living facilities, aging parents, and future caregivers when parents pass away be addressed (Thiele et al., 2014) .
| Epilepsy
In a recent article, parents of patients with TSC identified epilepsy as one of the major concerns for their children and a limitation to their independent life (e.g., if seizures are drug resistant, a driver's license cannot be issued; Both et al., 2018) . Indeed, 90% of individuals with TSC have epilepsy at some point during their life, and two thirds of them develop medically refractory epilepsy (Thiele et al., 2014) . Regular neurological follow-up and constant update of therapeutic strategies are mandatory for these patients. Moreover, chronic use of antiepileptic drugs (AEDs) and/or m-TOR inhibitors should be monitored to minimize short and long-term side effects.
The onset of epilepsy during adolescence and adulthood is uncommon, but may occur. It is also possible that adolescents and young adults experience a single seizure. In our experience, AEDs are not constantly required for these patients (Vignoli et al., 2013) . It also is important to note that some individuals with TSC experience remission of their epilepsy, and tapering off medications can be considered 
| Other neuropsychiatric disorders
Although often present since childhood, a wide range of psychological and behavioral manifestations (Tuberous sclerosis-Associated Neuropsychiatric Disorders [TAND]) may appear, persist, or become more significant during adulthood (Curatolo et al., 2015; Thiele et al., 2014) .
During their lifetime, several individuals with TSC will present with behavioral issues, such as aggression, tantrums, self-injury, and sleep difficulties (Eden, de Vries, Moss, Richards, & Oliver, 2014; Wilde et al., 2017) . Anxiety and depressive disorders are often identified from early adolescence and in adulthood, in contrast with psychotic disorders, occurring as commonly as in the general population (about 1%) (Leclezio & de Vries, 2015) .
Neurodevelopmental disorders, such as autism spectrum disorder (ASD, 40%-50%) and attention deficit hyperactivity disorder (30%-50%), are common in TSC (Curatolo et al., 2015) . ASD has demonstrated to be related to epilepsy, infantile spasms, and mutations in TSC2 (Vignoli et al., 2015) and may result in a major burden of care especially in adulthood when rehabilitation facilities are often no longer available. Furthermore, transition into adulthood often involves loss of school support and child and adolescence mental health support, known to be a challenge in ASD in general (Lai, Lombardo, & Baron-Cohen, 2014) .
Whenever diagnosed, TAND should be treated with specific symptomatic therapies. The potential role of mTOR inhibitors for improving neurocognitive functioning and behavior is still debated (Kilincaslan et al., 2017; Krueger et al., 2017) .
Transition may therefore be the right time to investigate all levels of TAND, especially if they have been under-recognized during childhood and particularly in individuals with normal intelligence, as they prepare to finds jobs and live independent lives.
| Renal manifestations
Renal cysts and angiomyolipomas are the main manifestations of TSC affecting the kidneys, although angiomyolipomas can be found also in other organs (i.e., the liver) . While cysts are a major concern in children, especially those who have a contiguous gene deletion involving both TSC2 and PKD1, renal angiomyolipomas represent the main renal cause of morbidity and mortality in adult individuals with TSC (Shepherd, Gomez, Lie, & Crowson, 1991) . The occurrence of renal angiomyolipomas is age dependent, with more than 80% affected by age 18 years (Hamer et al., 2018) . Although angiomyolipomas are benign tumors, they are highly vascular and can encounter spontaneous bleeding, usually presenting with abrupt abdominal pain and hematuria. Sudden bleeding of an angiomyolipoma requires embolization, can be life threatening and sometimes lead to renal insufficiency requiring dialysis and/or renal transplant (Kingswood et al., 2016) . Fortunately, the use of mTOR inhibitors is changing the natural history of angiomyolipomas, reducing the size of the lesions in the majority of patients, and preventing major complications in an increasing number of individuals (Bissler et al., 2017) . TSC patients are also at risk of developing renal cell carcinoma at a younger age than the general population (Peron et al., 2016) .
A recent European survey pointed out the limited knowledge of renal angiomyolipomas in TSC patients and caregivers, and the poor adherence to the surveillance guidelines (i.e., renal imaging every 1-3 years, assessment of renal function and blood pressure yearly, from , especially in the individuals older than age 15 years (Cockerell et al., 2018) . For these reasons, providers are encouraged to carefully instruct patients and families about the possible consequences of angiomyolipomas, the need to continue screening and/or treatment, and the available therapeutic options when transferring the care to an adult clinic. (Hancock, Tomkins, Sampson, & Osborne, 2002) , usually the pulmonary manifestations of TSC are typically only seen in adult women, since "age" has been found to be the only independent condition associated with the development of LAM (Di Marco et al., 2016) . In most cases, the diagnosis results from proactive screening, as CT scans are recommended for women with TSC at ages between 18 and 30 years, even if asymptomatic . Therefore, the process of transition is not expected, with few exceptions, to be challenging for pulmonary involvement.
| Pulmonary manifestations
| Cutaneous manifestations
Hypomelanotic macules, poliosis and "confetti" skin lesions, facial angiofibromas, fibrous cephalic plaque, ungual fibromas, shagreen patch, dental enamel pits, and intraoral fibromas are the main dermatological and dental signs in patients with TSC . Most of them-except for ungual fibromas-develop in childhood and are not associated with major medical concerns, although they can be one of the most useful diagnostic findings. However, facial angiofibromas can increase in number and size over time or bleed, causing cosmetic and dysfunctional problems. Healthcare practitioners should not underestimate the impact of potentially disfiguring lesions, which may lead to psychological discomfort especially in adolescents and young adults, and it is advised to refer patients for evaluation of treatment as part of the transition process. Suggested useful interventions include surgical excision, lasers, and use of topical mTOR inhibitors Malissen et al., 2017; Wataya-Kaneda et al., 2017) . As there is no evidence on which intervention is more effective, the 2012 TSC Dermatology and Dentistry Subcommittee recommended that the choice be based on available recourses and clinician expertise, considering if the patient is or will soon be on systemic mTOR inhibitors (Teng et al., 2014) .
| Cardiac findings
Cardiac rhabdomyomas are early signs of TSC, often discovered at prenatal ultrasound, but they may also be detected later on in life as part of the diagnostic workup or after the TSC diagnosis, especially if they are asymptomatic. Unless the cardiac rhabdomyomas are symptomatic (in which case an echocardiogram should be performed until regression is documented), adult patients should receive a 12-lead ECG every 3-5 years to monitor for conduction defects, according to the guidelines ).
| Ocular manifestations
TSC patients can exhibit multiple retinal hamartomas and/or retinal achromic patches, which are useful in the diagnostic process but do not usually cause problems with vision. An annual ophthalmologic evaluation is recommended (Krueger & Northup, 2013) . However, in our opinion, this could be performed as part of the regular ophthalmologic screening as in the general population, especially if an adult ophthalmologist is not part of the TSC clinic.
| Bone findings
Two main considerations should be made for bone-related problems in adult TSC patients. The first one concerns bone manifestations in this condition, consisting of sclerotic bone lesions, bone cysts, and fibrous dysplasia. Sclerotic bone lesions are usually multiple and can be present in up to 90% of adult patients (Avila et al., 2010; Boronat, Barber, & Thiele, 2017) . Although they might not be specific for TSC, recent evidence from a case-control study evaluating CT scans of 49 adults with TSC suggests that sclerotic bone lesions are found more frequently in TSC patients than in the general population (Brakemeier et al., 2018) .
They are not of clinical concern, and the 2012 International Tuberous Sclerosis Complex Consensus Group concluded that routine evaluation of bone findings in TSC is not supported by sufficient evidence unless there are clinical symptoms .
However, physicians caring for adult TSC patients-including family doctors and radiologists-need to be aware that these individuals can show bone lesions, so to recognize and distinguish them from more serious manifestations not related to TSC, that is, osteoblastic metastases, to avoid misdiagnoses of cancer, as happened in one of our patients (personal communication). techniques can be offered. As a matter of fact, a pathogenic variantmosaic or in noncoding regions-is likely to be identified in more and more patients who had no mutation identified in the past, thanks to NGS (Nellist et al., 2015; Tyburczy et al., 2015) .
The second point to consider is family planning and genetic counseling, especially for those individuals with normal or borderline cognitive functioning who are likely to reproduce. Assuming that the parents have knowledge about the genetics of TSC, we suggest that recurrence risk be gradually introduced to the patient when the transition process starts in teen ages. The best timing is probably when parents and providers agree that the adolescents have sufficient maturity to understand it. A genetics visit, a separate genetic counseling session or multiple sessions may be necessary based on the context. The provider will gradually address recurrence risk, clinical variability (even in members of the same family), any genotype-phenotype correlations if available for few specific mutations, possible options for preimplantation genetic diagnosis and prenatal diagnosis if the pathogenic variant is known, and other reproductive options, such as adoption (Northrup, Koenig, Pearson & Au, 1999) . The three-generation pedigree should also be updated to determine if additional family members are at risk of TSC. When appropriate, birth control options and/or changes in therapies should be discussed as well, especially with regard to possible teratogenicity of certain drugs (i.e., AEDs) and the effect of estrogencontaining contraception and pregnancy itself on LAM.
| MODELS OF TRANSITION IN OTHER DISEASES
Although the needs of patients and families during the transitional period have been recognized (Both et al., 2018) 3. The "teenager/transition clinic" model: in this model, clinics dedicated to adolescents have been established. The clinic is held by professionals who have received specialized training, and takes place in appropriate spaces (Kerr, Kluger, & Philip, 2011 ). An example of this model is the Adolescence Epilepsy Transition Clinic at the University of Alberta Hospital in Canada (Jurasek, Ray, & Quigley, 2010) . The aim of this model is to provide an adequate setting between the pediatric and adult ones.
Of note, although most of the transition programs described in the literature had statistically significant positive outcomes (Gabriel, McManus, Rogers, & White, 2017) , some of them were discontinued when physicians retired or moved to different hospitals and others were too expensive to be maintained, thus highlighting the difficulties in maintaining such complex programs (Carrizosa et al., 2014) .
| OUR EXPERIENCE
Since 2001, at San Paolo University Hospital in Milan (Italy), a multidisciplinary group of physicians developed experience in caring for patients with TSC. The TSC clinic was developed following the need of pediatric and adult neurologists of the Epilepsy Center to involve other specialists in the care of TSC patients, and is directed by the Director of the Epilepsy Center. The list of healthcare practitioners involved in the TSC clinic is listed in Table 1 , and a schematic overview is presented in Figure 1 . TSC individuals are seen as outpatients with the clinic spanning one or two different days. We usually schedule five patients per week, caring for about 250 patients overall (1/3 pediatric; 2/3 adults). Admittance as inpatients is reserved to those who need EEG monitoring for drug resistant seizures, or those who need renal surgery or preoperative assessment for epilepsy surgery, and rarely to patients with acute behavioral problems or intercurrent diseases. The pediatrician, neurologist, and/or geneticist perform the last visit, reviewing all notes by previous physicians, discussing the results, and making a follow-up plan.
Genetic test is available on site, allowing a direct dialogue between the laboratory and clinicians. In case of overload, because of the increased number of patients or limited resources, patients are advised to schedule specialty appointments in other facilities and then bring the results at the visit with the pediatrician, neurologist or geneticist. Matters related to legal competency (i.e., legal independence vs guardianship) are addressed by the pediatric neurologist before age 18 years, and those related to reproductive risk are discussed by the clinical geneticist during multiple sessions starting when both parents and providers agree that the adolescents have sufficient maturity to understand it. A social worker is available to address questions about housing, employment, welfare and disability benefits, when needed. The clinical manager is also responsible for keeping in contact with the primary care physician, therapists, and patient support organizations.
Physicians meet on a regular basis (generally three times a year), and discuss both recent advances in the scientific literature and selected patients of particular interest or clinical difficulty. All clinical information is stored in an ad hoc database used for scientific research.
To minimize the risk of loss at follow-up, because of nonadherence, missed appointments, or refusal to manage care independently (Gray, Schaefer, Resmini-Rawlinson, & Wagoner, 2017) the transition coordinator usually employs a structured plan, regularly calls the patients and reminds them to maintain the clinical appointments, with the support of an administrative person. This work is time consuming and receives no special reimbursement, but it is often necessary to guarantee adherence to care.
A medical unit called Disabled Advanced Medical Assistance (DAMA) has a space, phone line, and personnel dedicated to patients with ID and complex disabilities and helps the clinical manager in the care of patients with ID. DAMA is composed of a specialized team of internal medicine doctors, surgeons, and registered nurses trained to care for patients with complex disabilities. It also has a fast track for patients in the Emergency Department. The DAMA database helps provide better and faster diagnosis and care when time is an important factor for successful care. Although we have not performed a study to formally evaluate the outcomes of our clinic and this approach certainly has several pitfalls, our model has developed over more than 15 years, adjusting to try and balance the patients' needs and the limited resources (both economic and availability of staff ). We plan on creating a questionnaire for patients/ families and healthcare providers in the near future, to assess the impact of this model, its cost efficiency, and how it could be ameliorated.
| PROPOSAL OF HEALTHCARE TRANSITION IN TSC
Knowledge about the natural history of TSC-related manifestations is a prerequisite for an effective transition. It is accepted that adult neurologists, nephrologists, pulmonologists, and psychiatrists should be involved when transitioning healthcare from childhood to adulthood in TSC (Thiele et al., 2014) , but how to organize the transition process is less clear. As stated by Nabbout et al. (2017) , a multidisciplinary clinic is probably the ideal mode of care for these individuals, and in our opinion it should be sought whenever possible.
Although a unifying and worldwide model of transition in TSC would be ideal, we conclude that it may not be applicable-and would likely not be successful-because of differences in regulations, costs, FIGURE 1 Schematic overview illustrating the healthcare transition process from childhood to adulthood at the pediatric and adult TSC clinic of San Paolo University Hospital in Milan, Italy. DAMA, disabled advanced medical assistance; PCP, primary care physician organization of healthcare systems, access to care, insurance systems, and so forth. This is supported by the fact that several models regarding different diseases have been reported in the literature, with no evidence that one is more effective than others (Crowley, Wolfe, Lock, & McKee, 2011) .
We therefore think that each TSC clinic should find and endorse the best model that fits their practice and healthcare setting, be it a We also propose that the neurologist and/or the geneticist be the lead clinicians and coordinators of care in the transition process in TSC, and that a referral letter to the adult physicians-in case of transfer of care-should always be obtained, as a starting point of the transfer process. In addition to attending physicians, residents, fellows, and nurses are invaluable resources in the transition process, as well as patient support organizations. The ultimate goal is to provide the patients with medically appropriate care, ensuring an uninterrupted healthcare for as long as possible.
With this in mind, we propose a list of basic tips to guide healthcare professionals in establishing a transition process for TSC in their clinic based on best practice (Figure 2) .
Additional useful and practical resources can be obtain at: 
| CONCLUSIONS
Healthcare transition from childhood to adulthood is a process aimed at assuring continuity of care and patients adherence to medical care, promoting active involvement of the patients, whenever possible. This process in TSC may be complicated by the multisystemic nature of this condition with age-dependent manifestations and clinical variability, and by the presence of ID in at least half of the individuals.
In this article, we have discussed medical issues that should be addressed during transition, and have illustrated different possible approaches to transition. We conclude that there is probably no generalizable transition model for TSC, but transition in TSC should be flexible, patient oriented, and developed in accordance with the resources available. We have also provided some key points to consider when establishing a transition program for TSC, and highlight the importance of coordinating the process and educating the adult practitioners about this condition.
Finally, we would like to encourage TSC experts to engage in a panel discussion that will hopefully lead to a consensus statement on guidelines for healthcare transition from childhood to adulthood in TSC. 
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